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P. MERRY AND OTHERS 1989 Panush, 1986) . Furthermore, some investigators have considered the gut to be more permeable to food antigens in patients with rheumatoid arthritis than in normal individuals (Sundqvist et al. 1982; Rooney et al. 1983) . The role of antigenic absorption from the gut is further implied in the established phenomena of arthropathy following jejuno-ileal bypass (Delamere et al. 1983) . Foods may cause immunologically-mediated symptoms after ingestion in some persons, symptoms that are usually anaphylactic, cutaneous, respiratory, or gastrointestinal and mediated by mechanisms of immediate hypersensitivity. A new concept of delayed reactions to foods (masked food intolerance) is emerging, in which it is hypothesized that certain clinical symptoms reflect food allergies that may develop after a few hours, days or even longer. It is proposed that this response is mediated by immunological mechanisms other than IgE-mast-cell events. These symptoms might include headaches, behavioural or gastrointestinal disorders, and arthritis (Panush, 1986) .
Panush et al. (1986) have investigated a patient in depth, whose rheumatoid arthritis flared when dairy products were eaten. There was marked and consistent relief of these exacerbations (both subjective and objective) during fasting, which was sustained with elemental nutrition supplements. Four different blinded challenges with milk reproducibly exacerbated symptoms, whereas placebo and other food challenges had no effect. Symptoms peaked 24-28 h after each challenge and resolved after 1-3 d. Immunological studies suggested both delayed and immediate cutaneous reactivity to milk, no elevation of IgE anti-milk, marked increases of IgG and IgG4 anti-milk levels, marginally increased IgG-milk circulating immune complexes, and in vitro cellular sensitivity to milk. This study related symptomatic exacerbation of inflammatory arthritis with immunologic hypersensitivity to milk ).
Animal experimental work has shown that nine out of twenty-five Old English rabbits drinking cow's milk for 12 weeks, developed rheumatoid-like synovial lesions. This was associated with a raised percentage of T lymphocytes in the synovial fluid and high titres of serum and synovial fluid Clq binding activity, due to specific antibody Clq produced in response to Clq in cow's milk (Welsh et al. 1985a,b) .
Fasting and its effects on rheumatoid arthritis
Impressive evidence for an effect of diet restriction on autoimmune disease was obtained by Fernandez et al. (1976, 1978) who showed that (NZB x NZW) F1 'lupus' mice lived up to twice as long when total food intake was decreased. This was accompanied by a marked reduction in anti-DNA levels. It has also been demonstrated that the autoimmune disease of NZB mice is slowed by deprivation of zinc in the diet (Beach et al. 1981) . Claims are sometimes made that fasting relieves arthritic symptoms in rheumatoid arthritis. It is known that malnutrition is immunosuppressive (Chandra, 1981) , and studies have shown that fasting by healthy subjects is accompanied by altered neutrophil bacterial killing and depressed lymphocyte response to mitogens (Palmblad, 1976) , decreased serum levels of acute-phase reactants and complement (Palmblad et al. 1977a ) and increased serum cortisol concentrations (Palmblad er al. 19776) . In accordance with these findings, an association between improvement in inflammatory activity of rheumatoid joints, fall in the ESR and enhancement of neutrophil bactericidal capacity, following a 7 d fast has been reported (Uden et af. 1983) . Skoldstrom et al. (1979) also noted symptomatic improvement of patients with rheumatoid arthritis during fasting.
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Nutrition and infimmtion 365 manipulation as a form of therapy. Patients have long believed that fish oils in general, and cod liver oil in particular, may relieve arthritis. More recently it has been suggested that evening primrose (Oenothera biennis) oil may also be beneficial. What is the scientific evidence to support these claims?
Experimental evidence. Critical in the considerations involved in the possible effect of fatty acids on arthritis has been the amount of the 2double-bonded polyunsaturated fatty acid (PUFA), linoleic acid (LA), in the diet. The level of intake of this fatty acid has a number of important ramifications above and beyond the fact that it is an essential fatty acid (EFA) whose absence from the diet can lead to deficiency states. First it is the precursor of arachidonic acid (AA) which is, in turn, the precursor of the prostaglandins (PG) via the cyclo-oxygenase pathway and leukotrienes via the 5-lipoxygenase (EC 1.13.11.12) pathway. Thus, decreased intake of LA leads to decreased formation of PG and leukotrienes, and increased intake of LA leads to increased amounts of these inflammatory agents. The E series PG (PGE) and leukotrienes have a pro-inflammatory effect (Kuehl & Egan, 1980) . The PGE also have important suppressive effects on both the cellular and humoral immune responses (Goodwin & Webb, 1980) and on the response of the fibroblast to stimulation by immunologic mediators (Kom er al. 1980). So the PG may be expected to increase or decrease inflammation, immunity or collagen synthesis, depending on their site of action and their concentration at that site. As a corollary, diets which contain either large amounts of LA, leading to increased synthesis of PG, or small amounts of LA, leading to reduced PG synthesis, may be expected to affect inflammation, immunity and fibrosis.
There is a growing literature demonstrating the importance of the LA-AA-PG axis in inflammatory disease. Suppression of adjuvant arthritis in rats by injection of PGE2 (Aspinall & Cammarata, 1969) 
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). Kunkel er af. (1982) found that evening primrose oil, which is very rich in LA, markedly inhibited the development of adjuvant-induced arthritis in rats. Stackpoole & Mertin (1981) showed that experimental allergic encephalomyelitis in guinea-pigs was almost completely inhibited by oral supplements of EFA. These reports have established the suppressive effects of PG or increased intake of PUFA on immunologically-mediated disease.
Conversely a number of studies have described benefits of EFA-deficient diets in animal models of immunologically-mediated inflammatory disease. Adjuvant arthritis was ameliorated in animals deficient in EFA (Denko, 1976 ). An EFA-deficient diet diminished humoral response to T cell-dependent and T cell-independent antigens in mice. Full restoration of these responses occurred on switching to a control diet (DeWille et al. 1978). Interestingly, Hurd et al. (1981) found that NZBMZW mice fed on a diet in which all fat was in the form of saturated fat (coconut oil) had marked prolongation of life, and delay in the development of renal abnormalities. This improvement appeared to be associated with a deficiency of dietary PUFA. Conversely Prickett et al. (1981) reported that when NZBMZW mice were fed on a diet rich in eicosapentaenoic acid (EPA) (the predominant fatty acid in the fish oil-rich diet of Greenland Eskimos), they experienced a similar marked prolongation of life and delay in onset of renal abnormalities. More recently Lee et al. (1985) showed that diets enriched with fish oil may have anti-inflammatory effects by inhibiting the 5-lipoxygenase pathway in neutrophils and monocytes, and by inhibiting the leukotriene B4-mediated function of neutrophils. M&U et d. (1986) reported that dietary supplementation with EPA reduced the severity of adjuvant arthritis in rats. There is, therefore, evidence that substitution of at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/PNS19890052 366 P. MERRY AND OTHERS 1989 PUFA in the diet by saturated fatty acid or 'unphysiological' fish oilderived PUFA, leads to a marked reduction in the severity of autoimmune disease in these mice. Fish oils are rich in long-chain PUFA, particularly the 0-3 series: EPA and docosahexaenoic acid. These are unlike LA which is an 0-6 PUFA and is the predominant PUFA in the Western diet. One theory behind fish oil therapy is that fatty acids, such as a-linolenic acid from fish oils, are converted into PG of the third series, whereas the saturated fats commonly consumed in the Western diet are converted via AA into PG of the second series. Because PG of the second series are actively involved in the rheumatoid process there may well be some benefit in diverting PG synthesis to the less inflammatory third series.
Thus, theoretically there appear to be three beneficial ways in which to modify fatty acid dietary intake in rheumatic diseases: (1) a PUFA-deficient diet aimed at reducing PG formation and decreasing lymphocyte and macrophage cell membrane reactivity. This diet could lead to the problem of EFA deficiency, so supplements may be required; (2) a diet rich in PUFA designed to increase the synthesis of supressor PG; (3) a diet rich in fish oils which would produce relatively inactive PG of the '3' series in place of the pro-inflammatory PG of the '2' series.
Clinical studies. Kremer et al. (1985) reported the first double-blind study to show that a diet high in PUFA and EPA in rheumatoid arthritis, led to improvement in morning stiffness, number of tender joints, and grip strength compared with controls who were eating an American diet high in saturated fats plus placebo EPA. These favourable results were not supported by laboratory markers of disease activity. More recently Kremer er al. (1987) studied the effects of supplementing an unchanged diet with fish oil supplements (15 'Max-EPA' (Duncan Flockhart) tabletdd) in rheumatoid arthritis. The leukotriene B4 levels fell substantially and statistically significant improvement was seen in fatigue time and number of tender joints during the treatment period, but there was again no change in laboratory markers of disease activity. Sperling (1986) reported a synergistic effect of fish oils and non-steroidal anti-inflammatory drugs (NSAID) in rheumatoid arthritis in both clinical and biological indices.
It is believed that treatment with y-linolenic acid from evening primrose oil, may produce a similar fall in PG of the second series as is found with fish oils, and also produce an increase in PG of the first series (e.g. PGEl), which have anti-inflammatory activity. Hansen et al. (1983) found no benefit in twenty patients with active rheumatoid arthritis undergoing treatment with evening primrose oil for 12 weeks. Belch et al. (1986) investigated the effect both of evening primrose oil alone, and in combination with fish oil in rheumatoid arthritis. In contrast they found that both groups produced significant clinical improvement which allowed some patients to reduce or even stop their NSAID.
They found no evidence of disease modification.
Many of these studies have been criticized for studying patients with early, often mild disease and response being clouded by hospitalization. Nash et al. (1988) studied twenty-six patients with well-established rheumatoid arthritis, treated as outpatients with E028 (an elemental diet consisting of essential amino acids, trace elements and vitamins, free of protein and considered hypo-allergic). A control group supplemented their diet with E028, whilst diet-treated patients used E028 alone for 4 weeks. After 4 weeks individual foods were re-introduced and disease activity was monitored. The results showed that this elemental diet improved functional score and a thermographic joint index, but not ESR or C-reactive protein.
The therapeutic implications of these studies may be somewhat disappointing to many rheumatologists because the quantitative changes were modest and reflected mainly subjective benefit. However, these observations are among the few that provide us with at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/PNS19890052
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Nutrition and inflammation 367 useful information about diet therapy, and point us in new directions for studying the pathogenesis of rheumatic diseases and ultimately developing new therapies. Another area of nutritional interest in rheumatic diseases which is open to therapeutic manipulation is iron. This is a major interest of our group.
Fe and rheumatic diseuse
The potential role of Fe in rheumatoid disease is well recorded (Blake et af. 1981) . Any sustained inflammatory reaction causes changes in Fe metabolism, with a drop in serum Fe and a redistribution of Fe to the activated reticuloendothelial system, including, in rheumatoid disease, the inflamed synovium. It has been suggested that this synovial Fe deposition contributes to the joint inflammation (Muirden & Senator, 1968) , and Blake ef af. (19850) found that high levels of synovial Fe anticipated a poor prognosis in early rheumatoid patients. Furthermore, treatment of the anaemia of chronic disease associated with rheumatoid arthritis, with intravenous Fe dextran (Blake et af. 19856) or with oral Fe (Blake & Bacon, 1982) , has been shown to exacerbate joint symptoms.
The crucial role of Fe in inflammation is its ability to act as a redox agent, and hence take part in electron transfer pathways. Fe is thus able to catalyse the production of highly toxic reactive oxygen species (ROS) via the Fenton reaction. During inflammation it is thought that ROS produced by stimulated phagocytes contribute to tissue damage by inducing lipid peroxidation (Halliwelllk Gutteridge, 1984) . Lipid peroxidation products have been found in synovial fluid both in rheumatoid patients (Lunec er al. 1981 ) and adjuvant arthritis (Yoshikawa et af. 1983), suggesting such a process may contribute to joint inflammation. High levels of PGE2 have been reported in inflamed tissue and perfusates of adjuvant arthritic ankle joints, and the levels measured reflected the severity (Barbier et af. 1984) . Both periosteal proliferation and bone resorption may be induced by PGE2 (Galasko & Bennett, 1976) , and in vitro studies have shown that Fe nitrilotriacetate will augment the release of PGE2 from synovial cells in culture (Okasaki et af. 1981). Fe chelation may, therefore, reduce PGE2 production, inhibiting both the periosteal reaction of adjuvant disease and the erosive consequences of synovial inflammation. It is interesting that this is an effect that can also be produced by dietary manipulation of fatty acids as mentioned earlier.
Manipulation of the diet by the removal of Fe thus has a sound theoretical basis for reducing the inflammation of rheumatoid arthritis. Andrews et al. (1987~) studied the effect of Fe chelation by using desfemoxamine (DFX) in adjuvant disease in rats. They found that DFX induced mild Fe deficiency, and reduced the incidence and severity of joint inflammation, but did not alter the local primary inflammatory response of adjuvant or the systemic sequelae. The joints showed a reduction in soft tissue swelling and bone erosion. These findings suggested an apparent selective influence of Fe on joint-mediated inflammation. They extended their studies to look at the effect of mild nutritional Fe deficiency on adjuvant disease in rats and also on models not involving the joint (carrageenan pleurisy, urate pleurisy, pyrophosphate foot pad; Andrews ef d. 19876). Mild nutritional Fe deficiency was found to significantly reduce the severity of adjuvant arthritis assessed by histology, radiology and subjective scoring. Again systemic features were unaffected, and there was no suppression of the other models of acute inflammation, supporting the selectivity of the phenomena. In Glynn-Dumonde synovitis of guinea-pigs, DFX stimulated the acute phase of inflammation, but repeated administration depressed the chronic phase (Blake et af. 1983) .
These effects of DFX on chronic inflammation were sufficiently encouraging for preliminary trials on human rheumatoid patients. Of seven patients given DFX (3 g/d, 5 dweek for 1-3 weeks), four acquired retinal abnormalities that were reversed on drug 368 P. MERRY AND OTHERS 1989 withdrawal (Blake et al. 1985~) . Also, two of the patients received the phenothiazine prochlorperazine during DFX therapy and subsequently lost consciousness for h, possibly because this combination of drugs removes essential Fe from the nervous system. Thus there is a need for new Fe-chelating drugs that can be administered orally, and are safer than DFX.
